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CONVERSION FACTORS AND ABBREVIATIONS

Multiply By To obtain
Length

micrometer (um) 0.00003937 inch
millimeter (mm) 0.03937 inch
meter (m) 3.281 foot
kilometer (km) 0.6214 mile

Area
square meter (m?) 10.76 square foot
square kilometer (km?) 0.3861 square mile

Volume

microliter (uL) 0.00003382 ounces, fluid
milliliter (mL) 0.03382 ounces, fluid
liter (L) 0.2642 gallon
cubic meter (m) 35.31 cubic foot

Flow
centimeter per second (cm/s) 0.03281 foot per second
meter per second (m/s) 3.281 foot per second
cubic meter per second (m3/s) 35.31 cubic foot per second
cubic meter per year (m>/year) 35.31 cubic foot per year
kilometer per hour (km/h) 0.6214 mile per hour

Mass
milligram (mg) 0.00003527 ounce, avoirdupois
gram (g) 0.002205 pound, avoirdupois
metric ton 2,205 pound, avoirdupois

Temperature

degree Celsius (°C) F=18°C+32 degree Fahrenheit

The following terms and abbreviations also were used in these chapters:

Concentration
gram per milliliter (g/mL)
milligram per liter (mg/L)
microgram per liter (ug/L)
nanogram per liter (ng/L)
parts per million (ppm)
parts per billion (ppb)

The following equations were used to compute loads of chemicals:
concentration (mg/L) x flow (m>/s) x 8.64 x 10" = metric ton per day
concentration (ng/L) x flow (m>/s) x 8.64 x 10°° = kilogram per day
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CHAPTER 1 - INTRODUCTION
by John A. Moody

ABSTRACT

Surface-water samples were collected approximately every 18 to 28 km relative to the water from
a research vessel that was underway 24 hours a day up the Mississippi River from New Orleans,
Louisiana, to Minneapolis, Minnesota, in order to study the longitudinal variability of chemicals, the
cross-channel variability of chemicals, and the effects of sewage outfalls.

The methods and data for computing the water discharge associated with each sample and the
distance between samples collected from a moving vessel on a flowing river are explained and listed
in this chapter. The product of this water discharge and the concentration of chemical constituents
listed in later chapters gives the approximate flux of these chemicals. The distance between samples
in the moving water permits the calculation of chemical gradients and the determination of the spatial
scales of the longitudinal chemical variability.

BACKGROUND

The Mississippi River drains about 40 percent of the conterminous United States. At Vicksburg,

Miss., it has a mean annual water discharge of about 500 x 10° m3/ yr. At 193 river kilometers
downstream from Vicksburg, approximately 25 percent of the water discharge is diverted from the
Mississippi River into the Atchafalaya River and remaining water is discharged into the Gulf of
Mexico.

The Mississippi River consists of the Lower Mississippi River, starting at the mouth of the river at
Head of Passes, La. (Lower Mississippi River Mile 0.0), and extending 1,535 km upstream to the
mouth of the Ohio River at Cairo, Ill. (Lower Mississippi River Mile 953.8), and the Upper Mississippi
River, which begins at the mouth of the Ohio River (Upper Mississippi River Mile 0.0) and extends
about 1,360 km upstream to Minneapolis, Minn. (Upper Mississippi River Mile 854). In the Upper
Mississippi River, there is a series of 29 navigation locks and dams starting at Upper Mississippi River
Mile 185 near St. Louis, Mo. These navigation dams create a series of navigation pools connected by
short reaches of free flowing river. The Mississippi River downstream from St. Louis, Mo., is free
flowing but has been channelized by the U.S. Army Corps of Engineers.
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Between 1987 and 1992, the U.S. Geological Survey investigated the transport of chemical
pollutants in the Mississippi River (Leenheer and others, 1989; Meade and Stevens, 1990; Pereira
and others, 1990, 1992, 1994; Pereira and Rostad, 1990; Taylor and others, 1990; and Moody and
Meade, 1993). The strategy for this investigation was to begin upstream, follow the same water
mass downstream, and sample the water mass as it passed selected sites downstream. Logistic
constraints (use of a single vessel to sample the tributaries and the Mississippi River and limited
time to process samples) resulted in samples being collected ahead of, behind, and within the
water mass (Moody, 1993). In order to interpret these samples, a knowledge of the spatial
variability of chemicals in the Mississippi River was needed. There are at least 14 tributaries with

water discharges greater than 3 x 10° m>/yr (see table 1.1 and fig. 1.1), which contribute water and
a variety of chemicals to the Mississippi River at different times and at different locations along
the length of the Mississippi River from Minneapolis, Minn., to New Orleans, La., creating a
possibly complicated spatial distribution. The need to understand the spatial variability was the
motivation for collecting data at closely spaced intervals along the length of the Mississippi River.

OBJECTIVES OF STUDY

The main objective of this study was to determine the longitudinal spatial variability of
selected chemicals in the Mississippi River in order to aid the interpretation of more detailed
chemical data collected during 10 downriver sampling cruises between July 1987 and May 1992.
Additional objectives were to determine the spatial variability of chemical constituents at
different seasons of the year, at different discharges, and at or below sewage outfalls for large
municipalities.

2 CHEMICAL DATA FOR WATER SAMPLES COLLECTED DURING FOUR UPRIVER CRUISES ON THE
MISSISSIPPI RIVER BETWEEN NEW ORLEANS, LOUISIANA, AND MINNEAPOLIS, MINNESOTA,
MAY 1990-APRIL 1992



Table 1-1.~Discharge characteristics of some tributaries to the Mississippi River

[Discharges were taken from the U.S. Geological Survey’s water-resources data reports
for the appropriate States without adjustment for inflows between the last downstream

gaging station and the mouth of the tributary; m*/yr, cubic meter per year; and

%, percent]
Location of Mean annual Percent of
Period mouth of water discharge  discharge of
Tributary of record tributary, in 10° m/yr) Mississippi River
river miles downstream
Upstream  Upstream from the mouth
from from of the tributary
mouth of  Head of (%)
Ohio River Passes, La.!
Minnesota 1934-88 844.0 1,798.0 3.4 34
St. Croix 1902-88 811.5 1,765.3 3.9 25
Chippewa 1928-89 763.4 1,717.2 6.8 28
Black 1931-89 698.2 1,652.0 1.6 6
Wisconsin 1914-89 630.6 1,584.4 7.8 18
Rock 1939-90 479.0 1,432.8 55 11
Iowa 1914-89 434.0 1,387.8 6.2 11
Skunk 1914-89 395.7 1,349.5 22 4
Des Moines 1912-89 361.4 1,315.2 52 8
Ilinois 1938-89 218.0 1,171.8 19.6 24
Missouri 1897-89 195.3 1,149.1 72.0 43
Kaskaskia 1969-90 117.3 1,0711 33 2
Ohio 1928-90 0.0 953.8 243.1 57
White 1949-70 - 598.8 233 5
Arkansas 1927-89 - 581.5 374 7
Yazoo? 1969-89 - 437.2 123 2
TOTAL 453.6

"Head of Passes is where the mouth of the Mississippi River divides into three channels or

passes.

2Data provided by Henry Noble, U.S. Army Corps of Engineers, Vicksburg District.

OBJECTIVES OF STUDY 3



N
o \
# Clinton
River '
-
N !
—180°
ILLINOIS
Grafton S o
St. Charles é 8
-9 St. Louis

A
g é) I
8
—,r———___® g !
a2 +/ MISSISSIPP] !
' 294°
= Vicksburg
\ LOUISIANA [ 0 100 200 KILOMETERS
]
L o& Natchez — — -
A\ : 0 100 200 MILES
) & Tarbert Landing
< o ! '
M Q Baton !
{ gé_ Rouge \\ ~ e
30° Z E) =+ \30°
- - [=]
™~ . :’{ )

-~New Orleans
§- 2 Head of Passes

o

%0° GULF OF MEXICO

Figure 1.1.--Mississippi River and some of its tributaries.
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PURPOSE AND SCOPE

The purpose of this report is to publish in one volume the sampling and analytical procedures as
well as the large set of chemical data. The chemical data included in this report are specific
conductance, triazine and acetanilide herbicides, nutrients (NO3, PO4, NH,4, and NO,), mercury,

major and trace elements, and organic compounds with special emphasis on sewage-derived
contaminants.

The report contains data from four upriver cruises. The cruise dates and the reaches of the
Mississippi River that were sampled are listed in table 1.2. During the first cruise (May-June 1990)
sampling was done on the Lower Mississippi River and part of the Upper Mississippi River to the
mouth of the Illinois River. The first cruise comprised three parts—May 26 to May 29, 1990, June 4 to
June 6, 1990, and June 9 to June 10, 1990. During the other three upriver cruises (June-july 1991,
September-October 1991, and March-April 1992) sampling was done on both the Lower and Upper
Mississippi Rivers, which included about 2,900 river kilometers.

Table 1-2.--Upriver cruise names, dates, and the reaches of the Mississippi River that were sampled

Cruise name Dates River reach
May-June 1990 May 26-29, 1990 Baton Rouge, La., to Cairo, Ill.

June 4-6, 1990 Cairo, Ill., to mouth of Illinois River

June 9-10, 1990 Mouth of Missouri River to St. Charles, Mo.
June-July 1991 June 23-July 2, 1991 Baton Rouge, La., to Minneapolis, Minn.
September-October 1991 Sept. 25-Oct. 4, 1991 New Orleans, La., to Minneapolis, Minn.
March-April 1992 March 24-April 4,1992  New Orleans, La., to Minneapolis, Minn.

PURPOSE AND SCOPE 5



SAMPLING LOCATIONS

The spatial variability of chemicals in the Mississippi River was determined by collecting
water samples at about 16-km intervals (this corresponds to 10 river-mile intervals on the
navigation charts). Water samples were collected as close as possible to the midpoint of the river
from the 17-m research vessel ACADIANA, which is operated by the Louisiana Universities
Marine Consortium. The vessel traveled upriver at 11-14 km/h and was underway 24 hours per
day, stopping only for fuel and locking through navigation dams, so that a nearly equally spaced
sampling interval was maintained relative to the water in the river channel. The midpoint of the
river was determined by the ship’s radar, but this point was not always at the centroid of flow
because of the asymmetry of the channel, which changed between meander bends. During the
first three upriver cruises, three to five additional water samples were collected across the river at
about every 160 km, or downstream from major tributaries, to determine the cross-channel
variability and hence the degree of lateral mixing. During the last cruise (March-April 1992), this
strategy was changed to determine the degree of heterogeneity downstream from river
confluences or to detect the influence of sewage outfalls at or downstream from large
municipalities. Cross-channel variability was not assessed in well-mixed reaches of the river as it
had been during the first three upriver cruises. Samples from tributaries were collected either by
going up the tributary a short distance (if the tributary was navigable—Yazoo, White, Ohio,
Missouri, [llinois, and St. Croix) or by positioning the vessel as close as possible to the riverbank
just downstream from the mouth of the tributary.

Because the water samples were collected at about 16-km intervals while the river was
flowing between 2 and 8 km/h, the water samples were actually spaced about 18 to 24 km apart
relative to the moving water. The spacing between some samples may be greater than 24 km
because the vessel was stopped for a few hours to refuel or lock through a navigation dam.

In this report, the samples are located by two distances: (1) The river navigation distance
where the sample was collected (measured in miles upstream from the mouth of the Mississippi
River at Head of Passes, La., upstream from the mouth of the Ohio River at Cairo, Ill., or upstream
from the mouth of the Missouri River) and (2) the relative distance with respect to the moving
water (measured in kilometers from a starting point which was arbitarily chosen as the location
of the first sample). This relative distance would be the same as the distance between samples
collected at a fixed location at regular time intervals. A good example of the difference in the two
distances is in the listings for the cruise up the Missouri River on June 9-10, 1990 (see table 2.6,
chapter 2). While going upstream, the research vessel encountered enormous amounts of debris
that clogged the cooling-water intakes for the engines and forced the vessel to stop, go back
downstream, and tie up to a dock for a day of repairs. If the data were plotted versus the river
navigation distance, 11 samples would be plotted at Mile 28.0; however, if the samples are plotted
versus the relative distance, the samples would span a distance of 138 kilometers.
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The water velocities used to calculate the relative distance were based on either stage or discharge
measurements made at established stream-gaging stations. The regression equations used to
calculate the water velocity are in table 1.3. Velocities for the stream-gaging stations located within
each reach were averaged to give the reach-averaged velocities listed in table 1.4. Because the stream-
gaging stations are commonly in narrow, stable reaches of the river, these estimated velocities may
have a bias error and be larger than the reach-averaged velocity. In the free-flowing lower Mississippi
River, velocities (which range from about 2 to 8 km/h) may have a bias error as much as 20 percent
larger than reach-averaged velocities, so the error in values of the relative distance between samples
might be on the order of 2 km. In the reach of the Upper Mississippi River, the stream-gaging stations
are usually just downstream from a navigation dam where the river has a small cross-sectional area,
and the velocities may have a bias error as much as 50 percent larger than the reach-averaged velocity
for the entire pool. Velocities in this reach of the Upper Mississippi River are less than one-half those
in the Mississippi River downstream from St. Louis, Mo., so the bias error in the relative distance
between samples would also be on the order of 2 km. The relative distance provides a more accurate
measure of chemical gradients in the river and gives a pseudosynoptic picture of the longitudinal
variability of chemicals in the Mississippi River. The upriver cruise data, however, have been plotted
using the river navigation distance so the effects of tributary inflow can be compared when all cruises
are plotted on the same graph—using relative distance places the mouth of a tributary in a different
location on each cruise depending upon the starting point, water velocity, and velocity of the research
vessel.
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Table 1.3.--Regression equations relating cross-sectional averaged velocity to discharge or stage
for stream-gaging stations on the Mississippi River

[N, number measurements in regression equation; R?, coefficient of determination;
V, velocity in kilometer per hour; S, stage in meters; and Q, discharge in cubic
meters per second]

River mile Site name N R? Equation

Upstream from Head of Passes, La.

230 Baton Rouge, La. 31 0.87 V =0.514S + 0.69
306 Tarbert Landing, Miss.! 43 0.93 V =0.230S + 2.08
363 Natchez, Miss. 45 0.96 V =0.367S + 1.32
436 Vicksburg, Miss. 45 0.93 V =04135+3.14
566 Arkansas City, Ark. 35 0.96 V =0.476S + 2.35
663 Helena, Ark. 41 0.92 V =0.3845 + 3.41
735 Memphis, Tenn. 36 0.93 V =0.5125 + 4.19
918 Hickman, Ky. 36 091 V =0.364S + 2.63

Upstream from the mouth of the Ohio River

44 Thebes, TIL. 37 0.94 V =0.361S + 2.58
110 Chester, TIl. 25 0.92 V =0.436S + 3.24
179 St. Louis, Mo. 39 0.94 V =0.443S + 2.84
217 Grafton, IIL. 32 0.99 V =0.00067Q + 0.04
364 Keokuk, Iowa 18 0.90 V= 0.069Q1/ 24031
512 Clinton, Iowa 36 0.94 V =0.061Q"/2-0.54
633 McGregor, lowa 34 0.93 V =0.043Q'/2-0.21
811 Prescott, Wis. 18 0.88 V =0.00091Q + 0.90

Upstream from the mouth of the Missouri River
98 Hermann, Mo. 25 0.90 V=0436S + 2.67

IStage is at Red River Landing, La. (Mile 302), and discharge and mean velocity are measured at
Tarbert Landing, Miss. (Mile 306).
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Table 1.4.—-Water velocities used to calculate distance between sampling points relative to the
moving water

[km /h, kilometer per hour; LMR, Lower Mississippi River mile measured upstream from
the mouth of the Mississippi River at Head of Passes; UMR, Upper Mississippi River
mile measured upstream from the mouth of the Ohio River; MO, Missouri River mile
measured upstream from mouth of the Missouri River]

Cruise dates Water velocity' River reach
(km/h) (river miles)

May-June 1990 Cruise

May 26-29, 1990 58 LMR Mile 230-315
83 LMR Mile 315-581
8.0 LMR Mile 581-954

June 4-6, 1990 6.2 UMR Mile 0-195
3.8 UMR Mile 195-218

June 9-10, 1990 59 MO Mile 040

June-July 1991 Cruise

June 23-27, 1991 48 LMR Mile 230-566
57 LMR Mile 566-735
45 LMR Mile 735-954

June 27-July 2, 1991 55 UMR Mile 0-195
36 UMR Mile 195-361
29 UMR Mile 361-631
21 UMR Mile 631-703
1.9 UMR Mile 703-844

September-October 1991 Cruise

September 24-29, 1991 1.8 LMR Mile 89-315
33 LMR Mile 315-954

September 30-October 4, 1991 39 UMR Mile 0-195
20 UMR Mile 195-361
21 UMR Mile 361-631
1.4 UMR Mile 631-703
1.2 UMR Mile 703-844

March-April 1992 Cruise

March 25-30, 1992 51 LMR Mile 89-315
57 LMR Mile 315-400
6.9 LMR Mile 400-700
5.7 ~ LMR Mile 700-954

March 31-April 5, 1992 55 UMR Mile 0-195
4.1 UMR Mile 195-361
3.7 UMR Mile 361-434
2.6 UMR Mile 434-631
1.8 UMR Mile 631-844

Welocities are calculated from regression equations in table 1.3 and averaged for the stream-
gaging stations located within the reach given in the last column.
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WATER DISCHARGES

In order to calculate the flux of chemicals (in metric tons per day or kilograms per day), the
water discharge is listed in table 1.5 at gaging stations on the Mississippi River for the day the
research vessel passed the gaging station. Discharges at the mouths of the tributaries are the
water discharges at the gaging stations closest to the mouths of the tributaries for the day the
research vessel passed the mouth. Discharges for sampling locations between gaging stations
have been computed by linear interpolation between stations or between a station and the mouth
of a tributary (see fig. 1.2). Because discharge values are interpolated and because there were no
measured discharges at the mouth of each tributary, the discharges listed in each table of chemical

data in this report are accurate to about 200 m>/s.
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Table 1.5.--Water discharge of the Mississippi River at gaging stations between New Orleans, La.,
and Minneapolis, Minn., May 1990-April 1992

[Discharges are given for the day the research vessel passed the location; m®/s, cubic
meter per second; NA, not applicable; ~, approximate; negative discharge represents a
diversion of water from the Mississippi River to the Atchafalaya River]

River mile Water discharge (m3/s)
Upstream Upstream
from from May- June- September- March-
Location mouth of  Head of June July October April
Ohio R. Passes, La. 1990 1991 1991 1992
Lower Mississippi River
Baton Rouge, La.! NA 230 26,000 16,000 4,500 22,300
Tarbert Landing, Miss.2 NA 306 27,800 16,500 6,200 21,400
Old River Outflow? NA 315 5,500 -2,300 41,400 4,700
Natchez, Miss.> NA 363 33,000 17,600 7,200 25,200
Vicksburg, Miss.> NA 436 33,700 16,900 7,100 26,100
Mouth of YazooR.12  NA 437 ~480 ~2,000 ~440 ~340
Arkansas City, Ark3  NA 566 36,300 15,600 6,200 26,400
Mouth of Arkansas R.1?  NA 581 4,600 480 0 1,100
Mouth of White R4 NA 599 1,600 750 200 1,100
Helena, Ark.* NA 663 29,900 13,700 5,600 23,000
Memphis, Tenn.* NA 735 31,700 13,400 5,600 23,300
Hickman, Ky.* NA 918 29,900 11,400 5,500 17,400
Mouth of Ohio R 0 954 16,600 4,000 1,800 8,900
Upper Mississippi River
Thebes, 1. 44 998 12,300 7,800 3,700 7,600
Mouth of KaskaskiaR.” 117 1,071 300 20 5 160
St. Louis, Mo.® 179 1,133 8,500 7,300 3,200 7,800
Mouth of Missouri R® 195 1,149
June 05 3,300 1,800 1,100 2,100
June 06 3,400 NA NA NA
June 09 6,500 NA NA NA
June 10 6,900 NA NA NA
Grafton, ¢ 217 1171 5,500 5,400 2,000 6,000
Mouth of Hlinois R.” 218 1172 1,300 370 140 680
Lock & Dam 248 273 1,227 NA 4,600 2,000 4,100
Lock & Dam 22° 301 1,255 NA 4,400 2,100 4,000
Lock & Dam 21° 325 1,279 NA 3,900 2,000 3,600
Lock & Dam 20° 343 1,297 NA 4,000 1,800 3,500
Mouth of Des Moines R.1° 361 1315 NA 940 30 330
Lock & Dam 19° 364 1,318 NA 3,000 1,800 3,400
Lock & Dam 18° an 1,365 NA 3,000 1,600 3,400
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Table 1.5.~Water discharge of the Mississippi River at gaging stations between New Orleans,
La., and Minneapolis, Minn., May 1990-April 1992--Continued

River mile Water discharge (m3/ s)
Upstream Upstream

from from May- June- September- March-

Location mouth of  Head of June July October April
OhioR. Passes, La. 1990 1991 1991 1992

Upper Mississippi River-—-Continued

Mouth of lowa R.}° 434 1,388 NA 460 83 300
Lock & Dam 17° 437 1,391 NA 2,400 1,600 2,800
Lock & Dam 16° 457 1411 NA 2,500 1,500 2,900
Mouth of Rock R.7 479 1,433 NA 130 80 240
Lock & Dam 14° 493 1,447 NA 2,600 1,400 2,600
Lock & Dam 13° 523 1477 NA 2,300 1,300 2,700
Lock & Dam 12° 557 1,511 NA 2,300 1,300 2,700
Lock & Dam 117 583 1,537 NA 2,300 1,300 2,700
Lock & Dam 1010 615 1,569 NA 2,300 1,200 2,600
Mouth of Wisconsin R.11 631 1,585 NA 180 140 380
Lock & Dam 910 648 1,602 NA 1,800 1,000 2,200
Lock & Dam 810 679 1,633 NA 1,800 1,000 2,000
Lock & Dam 710 703 1,657 NA 1,600 940 1,900
Lock & Dam 617 714 1,668 NA 1,600 930 1,700
Lock & Dam 5A10 729 1,683 NA  notavailable 940 1,700
Lock & Dam 510 738 1,692 NA 1,600 940 1,800
Lock & Dam 410 753 1,707 NA 1,600 900 1,700
Mouth of Chippewa R.!! 763 1,717 NA 230 130 340
Lock & Dam 310 797 1,751 NA 1,100 580 1,000
Mouth of 5t. Croix R11 811 1,765 NA ~100 100 260
Lock & Dam 210 815 1769 NA 1,000 340 680
Mouth of Minnesota R.12 844 1,798 NA ~630 140 290
Lock & Dam 110 848 1,802 NA 410 230 300

!Estimated from stage-discharge relation based on 47 measurements.
U.S. Army Corps of Engineers, New Orleans District.
U.S. Army Corps of Engineers, Vicksburg District.
U.S. Army Corps of Engineers, Memphis District.
U.S. Geological Survey, Ohio R. at Metropolis, II.
5. Geological Survey, Missouri R. at Hermann, Mo.
U.S. Geological Survey, Illinois R. at Valley City, Ill; Rock R. near Joslin, Ill; Kaskaskia R. near Venedy Station,
.
8U S. Army Corps of Engineers, St. Louis District.
10U 5. Army Corps of Engineers Rock Island District, Lock and Dam 11 through 22.
1 U.S. Army Corps of Engineers, St. Paul District, Lock and Dam 10 through 1.
U S. Geological Survey, St. Croix R. at St. Croix Falls, Wis.; Chippewa R. at Durand, Wis.; Wisconsin R. at
?ﬁoda Wis.
) 3U .S. Geological Survey, Minnesota R. at Jordan, Minn.
Discharge measurement at Redwood, Miss., which is closest to the date the research vessel passed the mouth
plus measured discharge of Steele Bayou (no measurements for May 1990 and September 1991).
15U 5. Army Corps of Engineers, Little Rock District, Arkansas R. at Dam 2, Ark.
U.S. Geological Survey, Des Moines R. at Keosauqua, Iowa., lowa R. at Wapello, Iowa.
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Figure 1.2.--Water discharge in the Mississippi River as a function of distance upstream from Head
of Passes, La., for cruises in May-June 1990 (+'s connected by solid line), June-July 1991 (solid line),
September-October 1991 (dotted line), and March-April 1992 (dashed line). The increase in
discharge near river mile 300 is the result of passing the Old River Outflow Channel which diverts
about 25 percent of the Mississippi River water into the Atchafalaya River and the decrease in
discharge near river mile 1,000 is the result of passing the Ohio River. Other steplike decreases are
the result of passing other tributaries.
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SPECIFIC CONDUCTANCE AND TEMPERATURE

Specific conductance of the water samples on the first upriver sampling cruise in May-

June 1990 was measured with an Amberscience conductivity meter (model 640) having a
resolution of +1 uS/cm. For the last three cruises, temperature and specific conductance of the
water samples were measured with a LabComp model SCT-100 conductivity meter. Specific
conductances measured by the meter were checked against a laboratory standard eight times
between June 1991 and April 1992 and agreed within 5 uS/cm. The time between collecting the
sample and measuring the temperature was sometimes as long as 20 minutes, so that
temperatures are listed in the tables to the nearest degree and are included to indicate only general
trends. Changes of 1 to 2 degrees Celsius between samples are not significant. Longitudinal
variability of specific conductance and temperature are shown in figure 1.3 and 1.4 for all the
upriver cruises. A more detailed description of the sampling and analytical procedures for each
group of chemical compounds is in each of the following chapters.
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Figure 1.3.~-Longitudinal variability of surface specific conductance in the Mississippi River as a
function of distance upstream from Head of Passes, La., for cruises in May-June 1990 (+’s), June-
July 1991 (solid line), September-October 1991 (dotted line), and March-April 1992 (dashed line). The
increase near river mile 1,000 is a result of passing the Ohio River and the sudden decrease near river
mile 1,800 is a result of passing the Minnesota River.
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Figure 1.4.-Longitudinal variability of surface temperature in the Mississippi River as a function
of distance upstream from Head of Passes, La., for cruises in June-July 1991 (solid line),
September-October 1991 (dotted line), and March-April 1992 (dashed line).
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CHAPTER 2 - DISSOLVED HERBICIDES
by Donald A. Goolsby

ABSTRACT

The longitudinal variability of dissolved triazine herbicides in the Mississippi River was
determined on four upriver cruises during May 1990 through April 1992. The first cruise was from
Baton Rouge., La., to Grafton, Ill. The remaining three cruises were from near New Orleans, La., to
Minneapolis, Minn., about 2,900 river kilometers above the mouth of the Mississippi River. The
concentration and longitudinal variability of dissolved triazine herbicides in the Mississippi River
were determined by a combination of immunoassay analysis by microtiter plate and magnetic
particle methods and by gas chromatography and mass spectrometry.

INTRODUCTION

The majority of all herbicides used in the United States are applied to cropland in the Mississippi
River basin to control weeds and grasses in the production of corn, sorghum, soybeans, and wheat.
Based on data compiled by Gianessi and Puffer (1991), it is estimated that more than 100,000 metric
tons (t) of herbicides are applied annually to cropland in the Mississippi River basin. A small fraction,
generally less than 5 percent, of these herbicides is typically flushed into midwestern streams by
runoff from storms in late spring and summer after herbicides are applied (Goolsby, Thurman, and
Kolpin, 1991, Goolsby, Coupe, and Markovchick, 1991; Goolsby and Battaglin, 1993; Thurman and
others, 1991, 1992). Herbicide concentrations in some midwestern streams exceed 50 micrograms per
liter (ug/L) for short periods of time during storm runoff. These pulses of water that contain high
concentrations and loads of herbicides are transported from small streams into large rivers and
eventually into the Mississippi River. Moody and Goolsby (1993) hypothesized that the discharge of
these pulses of water would result in a patchy longitudinal distribution of herbicides in the
Mississippi River. To test this hypothesis, water samples were collected at frequent intervals along a
1,900 km reach of the Mississippi River from Baton Rouge, La., to Cairo, Ill. (fig 1.1), during May and
June 1990. Results from these samples confirmed the hypothesis of a patchy longitudinal distribution
(Moody and Goolsby, 1993). Three additional upriver cruises of the Mississippi River from the New
Orleans, La., vicinity to Minneapolis, Minn., were undertaken during June 1991 through April 1992
to investigate the longitudinal variability of herbicides in other seasons of the year and at different
flow conditions.

The purpose of this chapter is to present a description of the methods used to collect and analyze
the water samples for dissolved herbicides, and to evaluate of the precision of the analytical results.
This chapter also includes a tabulation of all data collected during the four cruises and presents the
results from the four cruises in graphic form. Results from the May-June 1990 cruise have been
discussed by Moody and Goolsby (1993). Some of the results from the three remaining cruises are
discussed in Goolsby and Pereira (in press).
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SAMPLE COLLECTION AND PROCESSING METHODS

The longitudinal variability of herbicides in the Mississippi River was investigated from water
samples collected at intervals of about 16 km. Water samples were collected in non-contaminating
glass or Teflon bottles from the upper two meters of the river at approximately midchannel. At
intervals of about 160 km, water samples were collected at 3 or 5 locations across the river
depending on proximity to tributaries, to examine cross-channel variability in herbicides. Cross-
channel samples were collected at locations at about 10, 50, and 90 percent of the river’s width, or
at about 10, 30, 50, 70, and 90 percent of the river’s width. Samples also were collected in or
immediately downstream from the mouths of some tributaries (see table 1.1). Except for the first
cruise (May-June 1990), all water samples were filtered immediately after collection through
142-mm diameter glass-fiber filters having a nominal pore size of about 0.7 pm. Filtration was
accomplished with a 142-mm diameter aluminum-plate filter holder, a battery-powered ceramic-
piston fluid-metering pump, and convoluted Teflon connecting tubing. Sample collection and
filtration equipment was rinsed about once per day with methanol. Filters, precleaned by baking
at several hundred degrees Celsius, were leached with 100-200 mL of sample, and the filtrate was
collected in precleaned 125-mL amber baked-glass bottles. Samples were refrigerated until
analyzed. Samples from the May-june 1990 upriver cruise were refrigerated and analyzed by
immunoassay without filtration. Ten to twenty percent of the samples from each cruise were
selected for analysis and confirmation of selected herbicides by gas chromatography and mass
spectrometry (GC/MS). Samples from the May-June 1990 cruise were filtered through glass-fiber
filters prior to GC/MS analysis.

ANALYTICAL METHODS

A combination of analytical methods was used to analyze water samples from the four
Mississippi River upriver cruises. Relatively inexpensive enzyme-linked immunosorbent assay
methods, referred to hereafter as inmunoassay, were used to analyze all samples. These methods
were used to obtain semiquantitative results for atrazine, the most heavily used and most
persistent herbicide in the basin (Goolsby and Battaglin, 1993), and to provide highly detailed
profiles of atrazine concentration and atrazine flux along the Mississippi River. Immunoassay
methods also were used in an attempt to obtain semiquantitative results for alachlor, the second
most heavily used herbicide in the Mississippi River basin. Although unsuccessful, the alachlor
immunoassay did provide important information on the longitudinal variability of a major
alachlor metabolite. Ten to twenty percent of the samples from each cruise were subsequently
analyzed by GC/MS for eleven herbicides and two herbicide metabolites. The GC/MS results for
atrazine were regressed against the triazine immunoassay results in order to obtain reliable
estimates of the atrazine concentration in all samples.
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Immunogssay Methods

Two immunoassay methods for atrazine were used and compared. These methods were based
on coated microtiter plates and coated magnetic particles. Both immunoassay methods work on the
same principle. The microtiter plate and the colloidal magnetic particles are coated with specific
antibodies that bind to the herbicide of interest. For example, the atrazine antibody binds only to
atrazine and other compounds that have a chemical structure very similar to atrazine. A small
amount of water sample (200 pL or less) is added to a well on the antibody-coated microtiter plate or
to a test tube containing a suspension of antibody-coated magnetic particles. Within about 3 minutes,
a small amount of an enzyme conjugate reagent is mixed with the sample. This reagent is the
herbicide of interest, for example, atrazine, to which an enzyme has been chemically bound. The
herbicide-enzyme conjugate and the herbicide of interest compete for the limited number of antibody
binding sites in the well or test tube. After a specified period of time, the water sample and unreacted
herbicide-enzyme conjugate are removed from the well or the test tube, leaving behind the antibody-
bound atrazine and antibody-bound herbicide-enzyme conjugate. A second reagent, consisting of an
enzyme substrate and a chromogen, is then added which reacts with the enzyme attached to the
herbicide-enzyme conjugate to produce a blue color that is inversely proportional to the amount of
herbicide in the water sample. In the absence of the herbicide of interest, much of the enzyme
conjugate binds to the antibody and reacts with the substrate and the chromogen to produce a deep
blue color. The more atrazine, or other herbicide of interest, present in the water sample the less the
herbicide-enzyme conjugate will bind and the lighter the color will be. After a specified period of
time, a small amount of dilute sulfuric acid is added to stop the reaction. A relatively stable yellow
color develops and the optical density of the color is measured with a colorimeter or spectro-
photometer and results are quantified. The following sections briefly describe the two immunoassay
methods used in this study.

Microtiter Plate Immunoassay Method

All water samples from the first three cruises were analyzed for triazine herbicides by a microtiter
plate method onboard the research vessel, or in the U.S. Geological Survey Laboratory in Lawrence,
Kansas. The term triazine, rather than atrazine, is used because several other triazine herbicides can
react to a small degree in the test. In addition, water samples from September-October 1991 and
March-April 1992 cruises were analyzed on the alachlor microtiter plates. Because of a high degree
of cross reactivity with alachlor metabolites, the term acetanilides is used to classify the results from
this test. Samples were analyzed in duplicate on antibody-coated microtiter plates according to the
manufacturer’s instructions which accompanied the plates and reagents (ImmunoSystems,
Scarborough, Maine). A calibration curve was obtained from three standards containing known
concentrations of atrazine or alachlor and a negative control or zero concentration solution. Each
standard was measured in triplicate and the average optical density was used. A calibration curve
was constructed by plotting the ratios of the optical densities of the standards to the optical density
of the negative control (percent inhibition) verses concentration of the standards. Optical density
measurements and quantification of results were obtained with either a microtiter plate strip reader
(Bio-Tek model EL301; BioTek Instruments, Winooski, Vt.) onboard the vessel, or with a plate reader
(Molecular Devices Inc., Menlo Park, California, model VMAX) in the Lawrence, Kansas, laboratory.
The optimum range of the calibration curve was 0.1 to 3 ug/L. Samples having concentrations greater
than 3 ug/L were diluted and reanalyzed.
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The immunoassay method primarily measures atrazine, but the test also has a small degree of
cross reactivity with several other triazine herbicides as shown in table 2.1. The concentration for
50 percent inhibition (IC5) is a measure of the sensitivity of the immunoassay (table 2.1). Because
concentration is inversely proportional to optical density, ICs is the concentration that causes a

50 percent reduction in the optical density of the sample relative to a blank or negative control.
The lower the ICs, the more sensitive the immunoassay is to a particular herbicide. Similarly, the
least detectable dose (LDD) is a measure of the lowest concentration that can be quantified. This
is typically defined as an optical density that is 90 percent of that of the negative control.
Fortunately for this study, triazine herbicides (other than atrazine) that have significant cross
reactivity in the immunoassay method, occur in low concentrations in the Mississippi River basin
relative to atrazine (Thurman and others, 1991, 1992); therefore, the response from the
immunoassay method is caused primarily by atrazine. Humic and fulvic acids at concentrations
of 5 to 100 mg/L have been shown to have no effect on atrazine response in the immunoassay
method (Thurman and others, 1990).

The alachlor immunoassay responds not only to alachlor but also has a significant response to
alachlor metabolites, particularly the ethane sulfonic acid (ESA) soil metabolite (Baker and others,
1993). This makes the immunoassay unsuitable for quantification of alachlor concentrations, but
provides an indirect measure of ESA. A quantitative method for ESA has been developed based
on this cross reactivity (Aga and others, 1994).

Table 2.1.--Cross reactivity for triazine herbicides using the microtiter plate immunoassay
method

[%, percent; pg /L, microgram per liter; LDD, lowest detectable dose; Source 1,
manufacturer’s literature; Source 2, M.L. Pomes, U.S. Geological Survey, Lawrence,
Kansas, written communication, June 1994; inhibition refers to a comparison of the

optical density of the sample to the optical density of a negative control or blank;
--,no data; and <, less than]

Concentration Concentration
for 50% for LDD - 90%

inhibition, ICs; inhibition

Compound (ng/L) (ng/L)
Source 1 Source 2 Source 1 Source 2

Atrazine 0.25 0.42 0.02 0.02
Ametryn 3.0 - 0.04 --
Propazine 0.60 0.49 0.10 0.03
Prometryn 0.40 - 0.04 -
Prometon 1.00 1.46 0.01 0.06
Simazine 0.30 3.13 <0.01 0.23
Cyanazine 20. 31 1.0 1.0
Desethylatrazine 17. 8.7 1.5 0.12
Hydroxyatrazine 50. - 4.0 -
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Magnetic Particle Immunoassay Method

All water samples from June-July 1991, September-October 1991, and March-April 1992 cruises
were analyzed for triazine herbicides by the magnetic particle immunoassay method onboard the
vessel or at U.S. Geological Survey facilities in Lakewood, Colo. Many samples from September-
October 1991 and March-April 1992 cruises also were analyzed for acetanilide herbicides with the
alachlor immunoassay by this method. Samples were analyzed in accordance with the
manufacturer’s instructions (Ohmicron Inc., Newtown, Pa.). A calibration curve was developed from
three standards containing known concentrations of atrazine or alachlor and a negative control or
zero concentration solution. Each standard was prepared in duplicate, and the average optical
density was used to construct the calibration curve. Samples were prepared in only one test tube, but
the optical density of each tube was measured twice and averaged. Optical density measurements
and quantification of results were obtained with a RPA-1 RaPID photometric analyzer (Ohmicron
Inc., Newtown, Pa.), which contained a built-in microprocessor to compute percent inhibition and
display final results. The optimum range of the calibration curve was 0.1to 5 ug/L. Samples having
concentrations greater than 5 pug/L were diluted and reanalyzed.

As with the microtiter plate, atrazine by the magnetic particle method also has a small degree of
cross reactivity with several other triazine herbicides (table 2.2) and, thus, is not entirely specific to
atrazine. The atrazine antibodies used in the two methods are from different sources and have
slightly different cross reactivities with other herbicides. Most notable, the magnetic particle atrazine
antibody has slightly more cross reactivity with desethylatrazine at low concentrations than does the
microtiter plate antibody (see tables 2.1 and 2.2).

Table 2.2.--Cross reactivity for triazine herbicides by the magnetic particle immunoassay method

[%, percent; LLD, lowest detectable dose; inhibition, refers to a comparison of the
optical density of the sample to the optical density of a negative control or blank;
pg/L,micrograms per liter; Source 1, D.S. Aga, U.S. Geological Survey, Lawrence,
Kansas, written communication, March 1992; Source 2, manufacturer’s literature;

--, no datal.
Concentration Concentration
for 50% for LDD - 90%
inhibition inhibition
Compound (ng/L) (ng/L)
Source 1 Source 1 Source 2
Atrazine 0.93 0.058 0.04
Ametryn -~ -- 0.053
Propazine 0.83 0.032 0.033
Prometryn - - 0.054
Prometon 2.4 0.09 0.056
Simazine 7.52 042 0.34
Cyanazine 454 3.1 1.0
Desethylatrazine 10.5 0.064 0.062
Hydroxyatrazine - -- 1.1
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Sas Chromatography and Mass Spectrometry Method

Ten to twenty percent of the samples from the upriver cruises were selected for analysis by
GC/MS at the U.S. Geological Survey Laboratory in Lawrence, Kansas. The samples selected
represented both the range in herbicide concentrations measured during each cruise and various
reaches of the river. A Waters Millilab workstation (Milford, Mass.) was used for solid phase
extraction of the samples for herbicide analysis on C,;g Sep-Pak cartridges. The cartridges were
preconditioned as described by Thurman and others (1992), and Meyer and others (1993). Each
125-mL water sample was spiked with a surrogate standard, terbuthylazine, and pumped
through the C;3 Sep-Pak cartridge by a robotic probe. Herbicides were then eluted from the

cartridge with ethyl acetate and spiked with an internal standard, phenanthrene-d;y. The extract
was concentrated to 100 pL under a stream of warm nitrogen gas.

Automated GC/MS analyses of the concentrated extracts were performed on a Hewlett-
Packard model 5890 gas chromatograph (Palo Alto, Calif.) and a model 5970 mass selective
detector. Quantification of the base peak of each compound of interest was based on the response
of the mass- to-charge ratio of the 188 ion of the internal standard, phenanthrene-d;.

Confirmation of each compound was based on the presence of the molecular ion and two
confirming ions with a retention time match of plus or minus 0.2 percent relative to the internal
standard (Thurman and others, 1990). The quantification limit for all herbicides was 0.05 ug/L.

QUALITY ASSURANCE AND PRECISION OF RESULTS

Extensive planning and effort was expended to insure the quality of the results from this
study. This included the selection of non-contaminating materials for collection and processing of
samples, periodic cleaning of equipment with methanol, immediate sample refrigeration and
storage, rapid analysis by immunoassay within 1 to 10 days, and extraction of samples for
GC/MS analysis within about 21 days. Analytical quality assurance for the immunoassay
analyses consisted of the analysis of every tenth sample in duplicate (except for the May-

June 1990 cruise) and the analysis of a control sample with every analytical run for June-July 1991
and September-October 1991 cruise. An estimate of the analytical precision of the results from
each of the four cruises expressed as a standard deviation is given in table 2.3. The standard
deviation was estimated by one of two methods. Method 1 was based on duplicate analyses of
10 to 24 samples in different analytical runs. The standard deviation was estimated from the
square root of one-half the mean squared differences between duplicate measurements

(Taylor, 1987, p. 22). Method 2 consisted of 5 to 18 analyses of the same sample within the same
or in different analytical runs. The standard deviation was calculated from these measurements
by standard statistical methods. As shown in table 2.3, the standard deviation increased with
increasing herbicide concentrations. Also the standard deviation was lower for the magnetic
particle method than for the microtiter plate method, indicating a higher degree of precision.

No quality assurance, external to the laboratory, was performed on the GC/MS samples from
the upriver profiles. Normal laboratory quality assurance consists of the analysis of every tenth
sample in duplicate. Because duplicates were not collected during these upriver cruises, this
quality-assurance step was not done.
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Table 2.3.--Analytical precision data for triazine and acetanilide herbicides analyzed by
immunoassay during four upriver cruises on the Mississippi River, May 1990 through April 1992

[ng/L, micrograms per liter; NA, not applicable]

Concentration
Cruise name Herbicide = Immunoassay Repli- Standard IStatis-
method cates Mean deviation Range tical
(ug/L) (ug/L) (ng/L) method

May-june 1990 Triazines Microtiter plate 10 422 088 NA 1
June-July 1991 Triazines Microtiter plate 12 467 0.59 23 2

Triazines Magpnetic particle 18 351 0.16 0.6 2
September-
October 1991 Triazines Microtiter plate 18 046 0.126 0.60

Triazines Magnetic particle 14 045 0.088 0.31
Acetanilides Microtiter plate 18 0.29 0.070 0.26
Acetanilides Magnetic particle 5 024 0.031 0.08
March-April 1992 Triazines Magnetic particle 24 0.19 0.034 NA
Acetanilides Magnetic particle 15 0.25 0.064 NA

== NNNN

IStandard deviation for statistical method 1 calculated from the results of 10 or more samples
analyzed in duplicate (Taylor, 1987, p. 22). Standard deviation for statistical method 2 calculated
from multiple analyses of the same sample by standard statistical methods.

RESULTS OF CHEMICAL ANALYSES

Analytical results for samples collected and analyzed from the four upriver cruises are given in
tables 2.4 through 2.28. These data show herbicide concentrations at approximately midchannel, the
cross-channel variability, and the herbicide concentrations in or just downstream from some
tributaries. No interpretations of the immunoassay profiles are given in this data report. Some
interpretations and discussion are given in Moody and Goolsby (1993) and Goolsby and Pereira
(in press).

Longitudinal Variability

Immunoassay data for samples collected near mid-channel are listed in tables 2.4 through 2.12.
The data are arranged by river mile upstream from Head of Passes, La. (fig. 1.1) and are separated
into two tables for each cruise, one for the Lower Mississippi River and one for the Upper Mississippi
River. Where samples were collected to determine cross-sectional variability, the mean value for the
cross section is given in these tables.
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Cross-Channel Variability

Immunoassay data for samples collected to determine cross-sectional variability are given in
tables 2.13 through 2.20. There are two tables for each cruise, one for the Lower Mississippi River
and one for the Upper Mississippi River. As shown in the tables, cross-channel variability was
greatest below major tributaries.

Tributary Concentrations

Data collected in a tributary or just downstream from the mouth of a tributary and near the
bank of the river are given in tables 2.21 through 2.24. There is one table for each cruise.

Gas Chromatography and Mass Spectrometry

Analytical results for samples analyzed by gas chromatography and mass spectrometry are
given in table 2.25 through 2.28, one table for each cruise. These results include samples from the
Lower Mississippi River, Upper Mississippi River, and some of its tributaries.

Graphical Display of Results

Graphs of immunoassay results showing the longitudinal variability of triazine herbicides in
the Mississippi River for each of the four upriver cruises are shown in figures 2.1 through 2.4. The
data are plotted from upstream (Minneapolis, Minn.) to downstream (Baton Rouge, La.) location
in the direction the river flows. Triazine concentrations from both the microtiter plate and
magnetic particle immunoassays are displayed on the same graph as a function of river miles
upstream from Head of Passes, La. A line fitted to the data by a smoothing function (SAS
Institute, 1990, p. 416) is also shown on the plots. The concentration of atrazine determined by
GC/MS is shown on the plots by an open circle. Triazine herbicide concentrations were highest
during May through July, shortly after application. This seasonal trend in herbicide concentration
has been demonstrated in other studies (Goolsby, Thurman, and Kolpin, 1991; Goolsby and
Battaglin, 1993; Thurman and others, 1991, 1992).

Acetanilide concentrations determined by immunoassay for the September-October 1991 and
March-April 1992 cruises are shown in figures 2.5 and 2.6. Alachlor concentration determined by
GC/MS is shown by open circles. The concentration of acetanilides decreased in a downstream
direction on both profiles, but little or no alachlor was detected by GC/MS. The immunoassay
response was caused largely by an alachlor soil metabolite, ethane sulfonic acid (Baker and others,
1993; Aga and others 1994).
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Figure 2.1.--Longitudinal variability of triazine herbicides in the Mississippi River
between Baton Rouge, La., and Grafton, IIl., May-June 1990 cruise. The solid line is a
smoothed profile of hetbicide concentrations.
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As shown in figures 2.1 through 2.4, the triazine immunoassay results tend to be slightly
higher than results for atrazine determined by GC/MS. In order to obtain a more accurate
estimate of atrazine in each sample based on the immunoassay results, a regression analysis was
performed. The atrazine concentration obtained by GC/MS was regressed against triazine
concentrations obtained by each of the two immunoassay methods. A zero intercept was
specified to force the regression line through the origin. The data from all four cruises were
pooled for each regression analysis. The regression results and a plot of the GC/MS results in
relation to the immunoassay resuits are shown in figures 2.7 and 2.8. Smoothed profiles of the
concentration of atrazine estimated from the regression analysis are shown in figure 2.9 for the
microtiter plate method and in figure 2.10 for the magnetic particle method. Both the microtiter
plate and the magnetic particle immunoassay method were used in the June-July 1991 and
September-October 1991 cruises. For these two cruises, figure 2.11 shows a comparison of the
atrazine concentration estimated from these two method using the regression analysis technique
described above. Results from GC/MS analyses also are shown on figure 2.11 for reference.
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Table 2.4.—~Concentration of triazine herbicides in approximately midchannel of the Lower
Mississippi River between Baton Rouge, La., and Cairo, Ill., May-June 1990 cruise

[km, kilometers; CDT, Central Daylight Time; m3/s, cubic meters per second; uS/cm,
microsiemens per centimeter at 25 degrees Celsius; pg/L, micrograms per liter; and
--, N0 measurement]

Location
. Concentration
River miles Distance Fraction of Time _Water Specific using microtiter
upriver from upriver from  distance from (CDT) dwchsargea conductance plate method
Head of first sample’ left to right (m*/s) (uS/cm) (ug/L)
Passes, La. (km) bank
May 26, 1990
230 0 2x 0006 26,000 340 2.7
240 24 0.5 0125 26,200 340 2.6
249.5 46 0.5 0240 26,400 339 24
260 72 0.3 0412 26,700 337 29
270 94 0.7 ' 0516 26,900 337 2.7
280 117 0.2 0625 27,100 334 28
290 140 0.5 0735 27,400 334 2.9
300 163 2x 0848 27,600 331 2.7
310 185 0.5 0955 27,800 329 3.0
320 207 0.8 1055 33,300 327 3.1
330 232 0.5 1155 33,200 324 2.8
340 255 0.2 1252 33,100 320 2.9
350 279 0.5 1347 33,100 318 2.5
360 306 0.7 1503 33,000 314 3.1
370 338 0.5 1700 33,100 311 3.2
380 364 04 1818 33,200 308 3.2
390 389 04 1920 33,400 305 3.2
400 414 0.5 2028 33,500 303 3.2
410 440 0.5 2135 33,500 302 2.7
420 465 0.5 2240 33,500 300 34
May 27, 1990
4335 499 2x 0015 33,700 295 3.5
440 517 0.5 0110 33,300 296 3.2
450 543 0.8 0218 33,500 295 3.2
460 569 0.5 0333 33,800 293 34
470 596 0.5 0450 34,000 291 3.6
480 621 0.7 0600 34,200 289 34
490 647 0.5 0707 34,500 288 33
500 672 0.5 0810 34,800 288 34
510 697 0.2 0918 34,900 290 4.3
520 722 0.5 1023 35,100 286 5.1
531 751 2x 1147 35,500 288 4.0
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Table 2.4.—~Concentration of triazine herbicides in approximately midchannel of the Lower
Mississippi River between Baton Rouge, La., and Cairo, Ill., May-June 1990 cruise--Continued

Location .
River miles Distance Fraction of Time Water Specific “gf:; ;l:it:::t?:;r
upriver from upriver from  distance from (CDT) dlschaarge" conductance plate method
Head of first sample’ left to right (m’/s) (uS/em) (ug/L)
Passes, La. (km) bank
May 27, 1990--Continued
540 782 0.5 1350 35,700 288 3.8
550 810 0.5 1510 35,900 290 35
560 836 0.5 1625 36,200 287 3.1
570 862 0.5 1735 36,300 292 34
581 890 2x 1855 36,300 291 4.0
590 913 0.6 2000 31,700 299 4.1
600 940 0.5 2120 30,000 302 3.9
610 967 0.5 2240 30,000 301 4.7
May 28, 1990
620 993 0.5 0003 30,000 303 4.8
630 1,020 0.5 0125 30,000 304 4.1
640 1,048 0.5 0250 29,900 305 39
650 1,075 0.5 0415 29,900 310 42
660 1,101 0.3 0530 29,900 312 3.6
670 1,126 04 0640 30,100 314 5.5
680 1,152 0.5 0755 30,300 315 5.6
690 1,178 2x 0909 30,600 317 45
700 1,204 0.3 1025 30,800 319 4.4
710 1,230 0.3 1145 31,100 321 4.4
720 1,255 0.3 1255 31,400 322 5.1
730 1,282 0.8 1418 31,700 324 5.2
740 1,329 04 1813 31,700 327 4.7
750 1,356 0.6 1930 31,600 326 4.5
760 1,382 0.3 2048 31,500 328 45
770 1,408 0.5 2205 31,400 331 4.7
780 1,434 0.6 2320 31,300 333 5.5
May 29, 1990
790 1,461 0.7 0040 31,200 335 5.6
800 1,488 ¢ 0202 31,100 336 5.5
810 1,516 0.9 0335 31,000 339 45
820 1,544 0.3 0453 30,900 341 6.0
830 1,568 0.5 0605 30,800 344 6.1
840 1,595 D'¢ 0726 30,700 344 5.2
850 1,621 0.6 0845 30,600 342 5.2
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Table 2.4.—~Concentration of triazine herbicides in approximately midchannel of the Lower
Mississippi River between Baton Rouge, La., and Cairo, Ill., May-June 1990 cruise--Continued

Location
.ge Concentration

River miles Distance Fraction of Time . Water Specific using microtiter
upriver from  upriver fronlt distance from  (CDT) du(;ch;/rges conductance plate method

Head of first sample left to right m’/s) (uS/em) (ug/L)
Passes, La. (km) bank

May 29, 1990—-Continued

860 1,648 0.5 1007 30,500 347 5.6

870 1,674 0.3 1120 30,400 350 5.2

880 1,701 2x 1244 30,300 351 44

890 1,727 0.5 1400 30,200 335 5.8

900 1,754 2x 1520 30,100 358 5.4

910 1,780 2x 1642 30,000 341 5.4

917 1,800 2x 1742 29,900 362 -

920 1,807 0.5 1800 29,900 390 3.6

937.6 1,851 2X 2004 29,700 345 4.8

950 1,885 2x 2149 29,500 360 4.5

IDistances are computed using velocities listed in table 1.4 in chapter 1, and the first sample was collected at Mile 230.0 upriver from
Head of Passes, La., on May 26, 1990, at 0006 hours.

2 X indicates three to five samples were collected across the river at this location. These individual values appear in table 2.13; the
values of specific conductance, and chemical concentrations in this table are the mean values.

3 Water discharges are linearly interpolated values between discharges listed in table 1.5 in chapter 1.
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Table 2.5.—~Concentration of triazine herbicides at approximately midchannel of the Upper
Mississippi River between Cairo, Ill., and Grafton, Ill., May-June 1990 cruise

[km, kilometers; CDT, Central Daylight Time; m3/s, cubic meters per second; uS/cm,
microsiemens per centimeter at 25 degrees Celsius; and pg/L, micrograms per liter]

Location . .
River miles Distance Fraction of Time Water Specific Conc;?itcr:::;:rusmg
upriver from upriver from  distance from (CDT) dischsa:ge‘; conductance plate method
mouth of Ohio first sample! left to right (m’/s) (uS/cm) (ug/L)
River (km) bank
June 4, 1990
0 0 0.5 1840 12,300 403 3.7
10 23 0.5 1945 12,300 408 42
20 47 0.5 2100 12,300 409 48
30 71 0.5 giég 12,300 414 42
40 94 0.5 12,300 414 45
0052
50 119 2x 0220 12,100 419 3.5
60 144 0.5 0335 11,900 425 3.1
70 168 0.5 0451 11,600 429 25
80 192 0.5 8,6,;2 11,400 424 3.9
90 216 0.5 0846 11,100 423 6.7
100.8 242 2x 1020 10,800 432 2.6
110 264 0.6 1151 10,600 437 34
119.5 289 ¢ 1307 10,000 440 3.0
130.7 316 2x 1423 9,800 450 14
140 339 2% }% 9,500 454 14
150 363 X 1859 9,300 458 22
160 390 2x 2053 9,000 456 3.0
170 415 2x 8,900 473 1.6
179.3 438 2x 0811 8,500 473 24
196 476 2y 0957 5,200 501 22
1112
196 520 2x 1130 44,700 504 3.0
206 543 2x 5,100 509 22
216 564 2x 5,500 549 2.3
220.7 572 0.5 4200 407 2.2

IDistances are computed using velocities listed in table 1.4 in chapter 1, and the first sample was collected at Mile 0.0 upriver
from énouth of Ohio River on June 4, 1990, at 1840 hours.
X indicates three to five samples were collected across the river at this location. These individual values appear in table 2.14;
the values for specific conductance and chemical concentrations in this table are the mean values.
Water discharges are linearly interpolated values between discharges listed in table 1.5 in chapter 1.
Discharge estimated as the discharge of the Mississippi at St. Louis, Mo., on June 6, 1990, of 8,100 m” /s minus the discharge of
the Missouri River on June 6, 1990, of 3,400 m"~/s. .
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Table 2.6.--Concentration of triazine herbicides at approximately midchannel of the
Missouri River between mouth of the Missouri River and St. Charles, Mo., May-June 1990 cruise

[nS/cm, microsiemens per centimeter at 25 degrees Celsius; and pg/L, micrograms per liter]

Location

River

miles Distance  Fraction Specific u(;::'“':"'ﬂ:“
upriver upriver of Time Water conduc. g microtiter

from from first  distance discharge® plate method

mouth of sampie' fromieftto (com (m3s) tance (nglL)
Missouri  (km)  right bank (kS/em)
River
June 9, 1990
0 0 0.5 0558 5,500 351 1.8

10 24 0.5 0722 5,600 346 2.2

20 49 0.5 0850 5,700 338 2.8

30 74 0.5 1022 5,800 329 33

388 106 0.5 1322 5,900 336 24

29.9 396 0.5 1410 6,000 333 2.5
28.0 116 0.98 1812 6,100 340 2.5

28.0 131 0.98 2045 6,100 340 2.3

28.0 150 0.98 2400 6,200 357 2.5

June 10, 1990

28.0 167 0.98 0305 6,300 371 3.7

28.0 181 0.98 0525 6,300 379 2.7

28.0 196 0.98 0800 6,400 382 3.0

28.0 207 0.98 1000 6,500 380 2.4

28.0 219 0.98 1200 6,500 372 2.0

28.0 230 0.98 1356 6,500 364 2.4

28.0 242 0.98 1600 6,600 355 2.8

28.0 254 0.98 1800 6,700 346 2.7

27.9 264 0.5 1944 6,800 328 3.5

Ipistances are computed using velocities listed in table 1.4 in chapter 1, and the first sample was collected at Mile 0.0 upriver from mouth of Mis-
souri River on June 9, 1990, at 0558 hours.

2Dischau'ge between Missouri River Mile 40 and Mile 0 is about equal to the discharge at Hermann, Mo. 1 day earlier, so that the interpolation in
time was done between June 7 (4,400 m’/s), June 8 (5,900 m>/s), June 9 (6,500 m>/s), and June 10 (6,900 m%/s).

3 Research vessel ACADIANA had to stop at Mile 38.8, go back downriver, and tie up to a dock at Mile 28.0 on the right bank, because of debris

that was clogging the cooling-water intakes for the engines.
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Table 2.7.--Concentration of triazine herbicides in approximately midchannel of the Lower
Mississippi River between Baton Rouge, La., and Cairo, Ill., June-July 1991 cruise

[km, kilometers; CDT, Central Daylight Time; m®/s, cubic meters per second; uS/cm, microsiemens per centimeter at 25 degrees

Celsius; °C, degrees Celsius; pg/L, micrograms per liter; and —, no measurement]

Location Concentration
. o
wprverttom uprverfrom dsance  Tme WS SOl e Merotter UG
Head of  first sampie’ from left to (CDT) (m3/s) tance (°C) (hg/L) method
Passes, La. (km) right bank (nS/cm) (rg/L)
June 23, 1991
230.0 0 ¢ 2240 16,000 393 - 42 34
240.3 22 0.5 2345 16,100 386 25 3.9 3.7
June 24, 1991
248.8 40 0.5 0045 16,100 382 23 45 3.6
258.6 60 0.5 0146 16,200 385 23 4.6 35
269.6 83 0.5 0300 16,300 388 25 4.7 3.5
279.7 107 0.5 0415 16,300 385 25 3.5 29
289.8 130 0.5 0525 16,400 380 25 3.5 29
300.0 152 0.5 0640 16,500 397 25 3.7 34
310.0 173 0.5 0745 16,500 383 25 3.7 3.1
320.0 193 0.5 0833 18,500 390 24 44 3.5
3304 217 0.5 1010 18,300 393 25 3.6 34
340.0 237 0.5 1105 18,100 399 25 42 3.1
351.2 260 0.5 1215 17,800 395 25 4.1 3.6
360.0 279 X 1320 17,700 397 25 44 33
371.2 310 0.5 1605 17,500 398 26 4.0 3.0
380.4 329 0.5 1704 17,400 392 26 3.8 29
389.8 349 0.5 1810 17,300 388 25 4.6 34
3994 370 0.5 1915 17,300 383 25 4.1 3.5
409.5 392 0.5 2029 17,200 393 24 44 3.8
420.1 414 0.5 2135 17,100 404 24 3.9 34
432.0 440 0.5 2259 16,900 400 25 4.6 3.6
439.8 457 0.5 2352 14,900 400 24 3.9 3.6
June 25, 1991
449.1 476 0.5 0050 15,000 399 25 4.5 3.8
460.8 501 0.5 0215 15,000 399 24 4.0 3.5
469.0 519 0.5 0315 15,100 396 24 4.1 3.6
475.0 532 2x 0400 15,100 399 25 4.7 33
485.5 554 0.5 0512 15,200 396 25 4.8 33
493.0 571 0.5 0618 15,200 397 23 4.0 29
504.5 595 0.7 0725 15,300 389 25 3.5 32
514.1 616 0.5 0837 15,300 388 24 3.2 2.6
525.3 640 0.5 1000 15,400 390 24 34 2.7
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Table 2.7.--Concentration of triazine herbicides in approximately midchannel of the Lower
Mississippi River between Baton Rouge, La., and Cairo, I1l., June-July 1991 cruise--Continued

Location Concentration
reveron o e, o Mo T e Merottr Mg
Head of first sampie’ from left to (CDT) (m¥s) tance (°C) (/L) method
Passes, La. (km) right bank (nS/cm) {ng/L)
June 25, 1991--Continued
534.5 660 0.5 1106 15,400 391 24 2.8 2.6
545.0 687 0.5 1310 15,500 390 23 3.2 2.7
552.5 705 0.5 1420 15,500 389 24 3.2 24
562.2 726 0.5 1528 15,600 395 25 3.2 2.5
575.0 753 0.5 1635 15,600 399 25 3.2 28
580.8 766 2x 1718 15,600 438 27 2.6 23
590.3 788 0.6 1834 15,100 394 26 3.2 2.6
600.2 808 0.5 1932 14,600 398 25 34 2.8
610.0 833 0.5 2109 14,400 391 26 2.9 29
616.5 850 0.5 2223 14,300 391 25 3.0 2.6
629.3 875 0.5 2314 14,200 395 25 3.2 28
June 26, 1991
639.7 903 0.5 0113 13,900 409 22 3.0 2.5
650.2 928 0.5 0241 13,800 421 25 3.0 23
660.2 951 0.5 0353 13,700 421 25 29 23
669.9 973 0.5 0505 13,700 428 25 29 2.5
680.0 996 0.5 0616 13,600 435 25 3.1 2.7
689.9 1,018 0.5 0725 13,600 435 25 3.0 2.6
702.0 1,047 0.5 0903 13,500 439 24 3.7 29
7129 1,072 X 1023 13,500 429 24 2.7 2.7
721.5 1,093 0.5 1135 13,500 443 23 3.6 29
731.5 1,116 0.5 1248 13,400 434 24 3.7 2.6
742.0 1,148 0.5 1525 13,300 427 25 3.6 34
751.1 1,168 0.5 1640 13,300 422 25 3.2 33
762.2 1,192 0.5 1802 13,200 421 25 33 3.1
773.0 1,215 0.5 1919 13,100 418 25 33 3.2
785.0 1,241 0.7 2042 12,900 412 25 33 34
797.4 1,269 0.6 2224 12,700 405 25 4.5 3.6
807.9 1,292 0.8 2345 12,600 401 24 4.8 3.5
June 27, 1991
817.5 1,312 0.7 0105 12,500 415 24 5.0 3.6
826.7 1,332 0.5 0221 12,400 412 24 4.7 34
835.5 1,351 0.5 0324 12,300 413 25 44 3.6
839.0 1,360 2x 0403 12,300 413 25 4.0 3.2
848.5 1,381 0.5 0525 12,200 413 25 34 3.2
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Table 2.7.--Concentration of triazine herbicides in approximately midchannel of the Lower
Mississippi River between Baton Rouge, La., and Cairo, Ill., June-July 1991 cruise--Continued

Location Concentration

c

uI::I\errermf:":; tfp[:::t:l";::m F:I’::::::: f Time dis:l::rges ::::ﬁ;c- Temperature p:ti: :::ut:: d l::?'ﬂn:I“e

Head of firstsample’ from leftto (CDM) (md/s) tance (=C) (wg/L) method

Passes, La. (km) right bank (uS/cm) (ng/L)
June 27, 1991--Continued

860.2 1,407 0.5 0653 12,000 412 25 3.7 3.0
870.0 1,427 0.5 0757 11,900 410 25 4.8 2.9
8824 1,453 0.5 0919 11,800 405 25 4.3 3.2
890.5 1,471 0.5 1017 11,700 398 26 4.5 29
898.9 1,489 2x 1118 11,600 407 26 42 3.1
911.9 1,517 0.1 1255 11,500 386 23 4.6 33
924.5 1,544 0.5 1418 11,400 378 25 4.2 32
937.6 1,572 X 1553 11,500 377 26 4.5 32

Distances are computed using velocities listed in table 1.4 in chapter 1, and the first sample was collected at Mile 230.0 upriver from Head of Passes, La.,
on June 23, 1991, at 2240 hours.

2X indicates three to five samples were collected across the river at this location. These individual values appear in table 2.15; the values of specific con-
ductance, temperature, and chemical concentrations in this tabie are the mean values.

3 Water discharges are linearly interpolated values between discharges listed in table 1.5 in chapter 1.
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Table 2.8.--Concentration of triazine herbicides in approximately midchannel of the Upper
Mississippi River between Cairo, Ill., and Minneapolis, Minn., June-July 1991 cruise

[km, kilometers; CDT, Central Daylight Time; m’/s, cubic meters per second; uS/cm, microsiemens per centimeter at

°C, 25 degrees Celsius; pg/L, micrograms per liter; and --, n<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>